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SUMMARY 



An inve sti/^^ation was made to determine the spinning 
characteristics of Clark Y monoplane ^ings with different 
plan lotTis. A rectangular wing and a wing tapered 5:2, 
hoth with rounded tips, were tested on the N.A.C.A. spin- 
ning halance in the 5-foot vertical wind tunnel. 

The aerodynamic characteristics of the models and a 
prediction of the angles of sideslip for steady spins are 
given. Also included is an estimate of the yawing moment 
that must he furnished "by the parts of the airplane to 
balance the inertia couples and wing yawing moment for 
spinning equilihrium. The effects on the spin of changes 
in plan form and of variations of some of the im.portant 
parameters are discussed and the results are compared with 
those for a rectangular wing with squa.re tips. 

It is concluded that for a conventional monoplane 
using Clark Y wings: The sideslip will he algehrai cally 
larger for the wing with the rounded tip than for the wing 
with the square tip and will he largest for the tapered 
wing; the effect of plan form on the spin will vary with 
the type of airplane; and the provision of a yawing-moment 
coefficient of -0.025 (i.e., opposing the spin) hy the 
tail, fuselage, and interference effects will insure 
against the attainment of cquilihrium in a steady spin for 
any of the plan forms tested and for any of the parameters 
used in the analysis. 

INTRODUCTION 



In order to provide the necessary aerodynamic data 
for predicting airplane spinning characteristics from the 
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design features, the N.A.C.A, is conducting an extensive 
investigation to determine the aerodynamic characteristics 
of airplane models and parts of airplane models in spin-* 
ning attitudes. 

The investigation to determine the spinning charac- 
teristics of wings, in which the N.A.C.A, spinning "balance 
was used, has included variations in airfoil section, plan 
form, and tip shape of monoplane wings a.nd in stagger for 
"biplane cellules. The 'first series of tests, made of a 
rectangular Clark Y monoplane wing with square tips, is 
rer)orted in reference 1 and the second scries, made of a 
rectangular Clark Y hiplane cellule, is reported in refer-* 
once 2; the effects of changes in airfoil section and in 
stagger are to "be published later. These reports give 
analyses of the data for predicting the pro"ba'ble effects 
on the steady spin of some of the important parameters for 
normal airplanes using such wing com"binations* 

This report gives the aerodynamic characteristics in 
spinning attitudes of a rectangular and of a 5:2 tapered 
Clark Y mono7Dlanc wing with rounded tips. Data for the 
square-tip wing previously tested are included for ^.om- 
pari son. The discussion of the data is "based on the meth- 
od of analysis given in reference 1« 



APPARATUS AND MODELS 



The tests were made on the spinning balance in the 
N.A.C.A. 5-foot vertical wind tunnel. The tunnel is de- 
scri'bod in reference 3 and the 6-component halanco in 
reference 4. 

The Clark Y wings are made of laminated mahogany and 
are of aspect ratio 6. One wing is rectangular in plan 
form; the other is tapered 5:2. Both wings have rounded 
tips* For the rectangular wing the tip plan form is com- 
posed of two quadrants of similar ellipses; for the ta- 
pered wing the ordinatcs of the two quadrants of similar 
ellipses have "been expanded in proportion to the taper, 
(The ellipses are "based on a chord length which is the 
root chord m.ultiplied "by the taper ratio,) The Clark Y 
profile is maintained to the ends of the wings and the 
maximum upj) er-surf ace section ordinatcs arc in one plane. 
This tip shape, as shown in figures 1 and 2, has "been des- 
ignated the "Army" t:.p. Figures 3 a,nd 4 show the wings 
mounted on the "balance. 
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TESTS 



In order to cover the prolDatlo spinning range, tests 
were F.adc at 30^, iO^', 50^, 60^, and 70^ angle of attack. 
At each angle of attack tests v;ere made v/ith sideslip an- 
gles of 10^, 5^, 0*^, -5^, and -10^. At each angle of at-, 
tack a and at each rngle of sideslip p, tests ivere 
made with values of Q1d/2V of 0.25, 0,50, and 1.00. 

The angles of attack n.nd angles of sideslip were measured, 
in the piano of symmetry at the quarter-chord point of the 
wing, which was also the center of rotation for all tests. 
So that the results might "be consistent, repeat tests were 
made for each condition until individual halance readings 
were found to agree within a specified limit or until a 
sufficient number of readings had "been made to give a foAv 
average. In each case an average of the individual meas- 
urements was used to compute the coefficients. 

The tunnel air speed was 70 feet per second for tests 
with — = 0.25 and 0.50 and 60 and 45 feet per second for 



2V 



= 0.75 and 1,00, res-oecti voly . The Reynolds Numbers of 
2Y > ' _ c 

the tests were about 210,000 for the highest air speed and 
140,000 for the lowest air speed. Previous tests showed 
no appreciable change in scale effects for this range. 



RESULTS AlID DISCUSSIOIT 

The data were converted to coefficient form by the 
following relations: 



qS Y qS 2 qS 



A 



l qbS m qbS ^ qbS 

All coefficients are s tandar d N . A. 0 . A . coefficients except 
Cj^, ivhich is based on the span instead of the chord of 
the v/ing, and it may be converted to the standard cooffi** 
ciont by multiplying by 6. All coefficients are given 
with the conventional sii-.;ns for right spins. 



4 



N.A.C.A. Technical ITotc Ho. 612 



Tiic values of the longi tudinal-i orce coefficient C-^^tf 
(earth axes) are plotted against angle of attack in figure 
5; sample curves of Cj^u against p and Ob/SV are given 
in figure 6. Similar curves a^re given for G^, , Cj^ , 

and C^^ in the "body system of axes in figures 7 to 14, 
The values of G-^ and Cy are not given hccause they are 
small a.nd of no particule.r iraportance. 

The data given are "believed to l>e correct to within 
the f olloiving limi t s : 

C^ii, ±0.02 C^, ±0.02 C^, ±0.002 

, ±0.001 C.^, ±0.001 

No corrections have heen made for the effects of the 
jet "boundary, scale, or interference of the "balance. 

Corresponding curves for the three \vings have the same 
genero.l shaT)e (fi^^s. 5 to 14 and, reference 1, figs. 4 to 
8)- 

The values of C-^^n (figs. 5 and 6) are slightly 
larger for the wing with the rounded tip than they are for 
the wing with the square tip, the effect diminishing with 
increasing angle of attack. The effect of taper is negli-* 
gihle, 

2he aosolute values of (fi^s. 7 and 8) are slight- 

ly larger for the wing with the rounded tip than for the 
wing vrith the squr.rc tip and are largest for the tapered 
wing. This effect is largest at the lower angles of attack 
and hecomes negli ^ihle at the higher angles. 

The values of the rolling-moment coefficient when 
^1 = 0.25. are ahout the same for all wings tested (figs. 

9 and 10). As the value of Qh/ST is increased, the val- 
ues of C-;^ are algehrai cally greater for the wing with 
the rounded tip than for the wing with the square tip and 
are largest for the tapered wing. 

The values of the •) i t ching-moment coefficient C^^ 
are ahoij.t the same for the taper... d and rounded-tip wings. 
The slope of the curves of pitching moment against angle 
of attack for the rectangular wing is more negative than 
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that of the other two wings and this difference becomes 
more pronounced as the value of Q'b/^V increases (figs. 
11 and 12 and reference 1, fig* 5), 

The values of the yawing-momen t coefficient 
(figs. 13 and 14) are small and are nearly the same for 
0.11 three wings. 

The fact that the curves for the rounded tip and ta- 
pered wings are more regular than those given for the rec- 
tangular wing in reference 1 is prohahly due more to the 
greater accuracy of results, as explained in reference 
4, than to i^l^'^^-form effects. 



ANALYSIS 



The data were analyzed to show the effects of some of 
the im-oortant para^mctcrs on the spinni?ig characteristics 
of an airiDlane using similar wings. The method of analy- 
sis with the assumptions used, and the errors involved is 
given in reference 1. As in references 1 and 2, values of 
scale-effect corrections of 0,02 for and of 0#006 for 

C^i ha,vc "been used in the analysii 



Parameters.- The characteristics of the particular 
airplane determine the values of wing loading, aspect ratio 
radii of gyration, and pitching moments. Values of these 
variaoles, which were used in references 1 and 2, were also 
Used in this analysis for consistency of results, although 
present airplanes are not all included within this range. 
The chosen means of those values gave the following param.e- 
tors : 

Relative density of airplane to air (17/gphS), |j. = 5 
Pi t ching-moment inertia parameter, 

2 T 2 

Rolling~ and ya-jing-noment inertia parr«,nict or , 
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Sloioc of -ni t chin^-moncn t curve, o - 0.0020 

^- a - 20 

Lift coefficient, = C^^„ 

Each of the parancters ivas varied, one at a time, 
^.Thilc all of the others v:ere kept at the mean values, ex-» 
copt Cjj, which was set equal to C^n for all cases. 
The values of the paro-mcters used are: 



l-L := 2*5, 5*0, 7.5, and 10,0. 

2 

60, 80, 100, and 120 



Id 



1 2 1 ^ 
k2 - 



.2 1. 2 

- "Y 



k. 



1 2 ,2 



in 



= 0,5 , 1.0 , 1.5 , and 2.0. 



0,0010, 0.0015, 0.0020, 0.0025, 
a - 20° p„nd 0.0030. 

The variations in [x incli^.de the range for airplanes 
that are normally spun. 

The values of g- ^^^^ p cover 

the ran^'e for 11 airplanes given in reference 5. These 

Wh^ (C B) 
Pii ^ — r e- 

g(C - A) (C - A) 
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sideslip at which the pitching and rolling moments balance 
in the spin and the yawing moment that must he furnished 
"by the other parts of the airplane to halance the inertia^ 
couples and the wing yawing moments are plotted against^ the 
parameters in figures 15 to 22. Corresponding figures for 
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the viing ivith square tips are given in reference 1 (figs% 
19 to 28)0 Negative values of C^^ required show the 
I . amount of yawing moment that must he supplied to balance 

I the resultant aiding moment given "by the wings and the in- 

I ertia couples. It is ohvious that in order to insure 

] against a dangerous spin an additional opposing moment 

j must be supplied as a margin of safety. 

j Increasing -^Ojr^/ (a 20^), that is, increasing the 

diving moment at any angle of attack, algebraically de- 
creases the sideslip p. (See fig. 15«) G-enerally p in- 
creases algebraically and the slope of the curves becomes 
1 less as the wing tips are rounded and the plan form tapered, 

f Increasing -Cj^/(a - 20°) slightly, increases the yawing 

I moment aiding the spin (makes Cj^ required more negative 

! in a right spin). (See fig. 16.) A comparison of the val-- 

ues of required by the different plan forms shows 

that the plan-form effects are dependent upon the angle of 
attack. At 30"^ angle of attack the values for all wings 
are about the same. At 40*^ the values of required are 

j about the same, for the rounded tip and tapered wings (fig. 

15) while the values for the rectangular wing are more neg- 
ative (reference 1, fig. 24). At angles of attack of 50^ 
and above, and especially for 70°, the values of C^^ re- 
quired are least negative for the square-tip wing. 

Increasing the p i t ching-momen t inertia parameter is 
equivalent to moving weights in the fuselage and wings to- 
ward the center of gravity r>o as to decrease A,. B, and C 
while keeping A and B equal. Variations in this param- 
eter give approximately the same changes in sideslip and 
yawing moment required as variations in ""Cjjj/(a - 20 ) • 
(See figs. 17 and 18.) 

Increasing the rolling- and yawing-momen t inertia pa- 
(k/ - k/ ) 

rameter, — means moving the weights in the 

(kz^ - kx ) 

wing away from the center of gravity. As this parameter 
increases, the sideslip for the rounded-tip and tapered 
wings decreases algebraica.lly (fig. 19); whereas, for^the 
square-tip wing, the sideslip decreases s.t 30 and 40 an- 
gle of attack but increases at and above 50^ (reference 1, 
I fig. 23), At the higher angles of attack the slopes of 

I * these curves for the square-tip wing are of different sign 

than for the rounded-tip wing and the slopes are most neg-^ 
ative for the tapered wing. The yawing moment required 
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decreases algelDrai cally as — -r- -r— is increased 

(fig. 20) except for the square--tip wing at 50^, 60^, and 
70^ angle of attack (reference 1, fig. 28). 

Increasing the relative density generally in- 

creases the sideslip (fig. 21). The slope of the curves 
is less for the rounded-tip wing (fig. 21(a)) than it is 
for the square— tip wing (reference 1, fig* 20) and it is 
least for the tapered wing (fig. 21(1))). Increasing 
generally algehrai cally increases the C^^^ required (fig. 
22), Rounding the wing tips and tapering the wing gen- 
erally algebraically decreases the required. 

Pi'o'ba'ble effects pf_._scale and of in t erf er en c_e_on_ the 
IlJ^]^lis_of_thje_ analysis The effects of interference and 
a more extensive study of the effects of scale are report- 
ed in reference 4. The effect of scale on C-j^ was found 
to he about the same as that used in reference 1 and the 
interference effects on C-j^ due to testing the wing alone 
were small. 

The scale effect on of ":he complete model was 

found to vary with sideslip. Below a value of 5^ inward 
sic'.oslip, however, the variation with p is small, the 
average value of the difference caused "by scale effect "be- 
ing O^OOk). The values of 0^^ for the airplane wing were 
computed from results of tests made with the airplane in 
flight. These values were compared with those of the 
model v;ings tested alone and a difference of 0.013 was in- 
dicated. Since the airplane wing was on the airplane when 
the measurements were made and the model wings were tested 
alone^ the value of 0.013 is a combination of scale and 
interference effects. The interference effects are large 
but corrections are impossible because of lack of data. 
Any correction made to C^^ required moves all the curves 
of required up or down on the scale without miich 

change in their relative positions. Therefore, the com- 
parisons between the three plan forms of wings given in 
this report would not be appreciably affected by using an- 
other correction for . 

£zMictipn_of _.sp^innin 
from the analysis.- The spi^ming characteristics of an 
airplc?.ne using any of the three wings v/ill be largely de- 
pendent upon the acrodynrmic yawing-moiaent characteristics 
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of the particular airplane. The aerodynamic yawing moments 
for a particular airplane depend upon: the size and shape 
of the fuselage and tail surfaces; the location of the hor- 
izontal tail surfaces \7ith respect to the fuselage, fin, 
and rudder; the amount of fin a,rea ahead of the center of. 
gravity; the interference effects hetwcen the wings and the 
rest of the airplane; and the limits of control movements. 
33ata on some of these effects are reported in reference 4 
and in references 6 to 14. 

The geometry of the spin indicates that the vertical 
tail surfaces should "become more effective in producing a 
yawing moment opposing the spin as the rate of rotation 
increases and the outward sideslip "becomes larger. Another 
factor in the effects of sideslip on the yawing moment in 
the spin is the static stability of the airplane in yaw in 
the attitude in question. (See reference 13.) If the air- 
plane is statically stahle, outward sideslip will give an 
increment of yawing moment opposing the spin and, if it is 
statically unstable, inward sideslip will give an incre- 
ment of yawing moment opposing the spin. In other words, 
if inward sideslip is necessary for spinning equilibrium , 
considerable fin area aiead of the center of gravity reduces 
the likelihood of attaining a dangerous spin* 

If the effects of sideslip on the yawing moment^ re- 
quired are neglected, an airplane with the tapered wing 
will, except at 30^ angle of" attack, have the smallest 
yawing moment aiding the spin when the weight is concen- 
trated in the fuselage. When there are heavy weights in 
the wings, the rectangular wing will usually give the small- 
est aiding moment. At 70^ angle of attack the square-tip 
wing will generally give smaller yawing moments aiding the 
spin than either the ro\inded-tip or tapered wing; i.e., an 
airiDlane with a Clark Y square-tip wing will be less likely 
to spin flat, above 60^ a.ngle of attack, than one with a 
rounded-tiTD or tanered wing. There is an exception when 

-1^— < 0.7, the tauercd wing then being the least 

likely to give a flat spin. 

The effect of sideslip makes necessary a study to 
determine a favorable combination of variables for a given 
airplane because, if the design does not allow for favora-^ 
ble combinations, a dangerously spinning airplane is lia- 
ble to be the result. Sideslip usually gives counteract- 
ing effects on the yawing moments of the various parts of 
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the airplane, the net effect determining the possihility 
of attaining spinning equi lihr ir.in . If allowance is made 
for the effects of sideslip, the results indicate that the 
parameters which would tend to make attainment of equilih-* 
riun in a stead^^" spin more difficult are: 

Tapered wing : 

Weights concentrated in the fuselage 



A- '-2- < 1 V 



Small diving moments (center of gravity well 
hack, small elevator and stahilizer, and large 
cl GV^.t cr-iip deflections). 



Low wing loadings and high aspect ratio 

small values of a = — V 

gpSh/ 



Wei;D;hts distrihutod 8,long the wings 

)• 



Small fin area ahead of the center of gravity 
(lo.rgc static stahility). 

Large diving moments (center of gravity well 
forward, large elevator and stahilizer, and small 
clevat or-up deflection). 

High wing loadings and low asnect ratio ("large 

values of u = — V 

Rouuded-t ip wiiig : 

The Toaramcters for which this wing would he 
hest rre usually oetwecn the square-tip wing and 
the tapered wing. 
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CONCLUSIONS 



If it is assumed that the added corrections to the 
rolling-* and yawin^'-moment coefficients are of the right 
order of magnitude, the following conclusionG are indicat- 
ed "by the analysis presented for a conventional monoplane 
V7ith a Clark Y wing, 

1. The value of the yawing-momen t coefficient re- 
quired from "the fuselage, tail, and interference effects 
for steady spinning equilibrium is small and nearly always 
negative (opposing the spin) throughout the angle-of-at tack 
range investigat ed. It appears that the spinning attitude 
of the airplane will depend mostly upon details of shape, 
size, and arrangement of fuselage and tail* 

2. The maximum yawing-momen t coefficient that must 
he supplied "by parts of the airplane other than the wings 
to insure against attainment of equilihrium in a steady 
spin is -0.025 (opi^osing the rotation)* 

3^ The sideslip rrill he algebraically larger (less 
outward) for the wing with the rounded tip than for the 
wing with the square tip, and it will he the largest for 
the tapered wing, 

4. The only general superiority of one plan form 
over another of those tested is in the case of weight dis-* 
trihution. The plan form least likely to result in spin- 
ning equilibrium is the tapered wing, if the weight of the 



and the rectangular wing with the square tip, if the weight 
is distributed along the wings. 

Langlcy Menoria^l Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , July 30, 1937. 



airplane is concentrated in the fuselage 
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FiOT-re 1.- The rectangular Clark Y vizici with rounded tip 
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Figs. 3,4. 




Figure 4.- The 512 tapered Clark Y wing with rounded tips 
mounted on the spinning balance. 
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Fig. 5a 




Angle of attack, d ,deg. 



Figure 5a.- Variation of longitudinal-force coefficient Cx" (earth axes) with anp:le of attack; 
rectangular wing, rounded tips. 
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Fig. 5b 




30 40 50 60 70 

Angle of attack, cC ,deg. 

Figure 5b.- Variation of longitudinal-force coefficient Cx" (earth axes) with angle of 
attack; 5:2 tapered wing, rounded tips. 
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Fig. 6 
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Figure 6.- Variation of longitudinal-force coefficient Cx" (earth axes) with angle of sideslip 
and with nb/2V 
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Figure 7a.- Variation of normal-force coefficient Cg (body axes) with angle of attack; rec- 
tangular wing, roundecl tips. 
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Fig. 7b 
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Angle cf attack, of ,deg. 

Figure 7b.- Variation of normal-force coefficient Oz (body axes) with angle of attack; 
5i2 tapered wing, rounded tips. 
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Fig. 8 
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Figure 8.- Variation of normal-force coefficient Crr(tody axes) v.lth angle of sideslip 
and nti/?.V. 
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Figure 9a.- Variation of rolling-moment coefficient (body axes) with angle of 
attack; rectangular wing, rounded tips. 
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Fig. 




Angle of attack, oC ,deg. 

Figure 9"b.- Variation of rolling-moment coefficient (tody axes) with angle of 
attack; 5:2 tapered wing, rounded tips. 
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Figure 10.- Variation of rolling-moment coefficient (body axes) with angle of sideslip 
and ilb/2V. 
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Fig. lla 
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Flgur« lla.- Variation of pitcliing-moment coefficient C^^ (body axes) with angle of attack? 
rectangular wing, rounded tips. 
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Figure lib.- Variation of pitcMng-moment coefficient Cm (tody axes) with angle of 
attack; 5:2 tapered wing^ ro^onded tip. 
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Fig. 12 
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Fia^l^e 12.- Variation of pitching-ir.oir.ent coefficient Cjjj(body axes) with angle of sideslip 
and nb/2V. 
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Fig. 13a 




Figure 13a.- Variation of yawing-moment coefficient (body axes) with angle of attack; 
rectsLngular wing, rounded tips. 



N.A.C.A. Technical Note No. 612 



Fig. 13b 



.12 



.08 



.04 



-10^ 



V- 

o- 



10^ 



ah 



= 1.00 



-.04 




-.04 



.04 




30 40 50 60 70 

Angle of attack, a ,deg. 

Figure 13b.- Variation of yawing-moment coefficient (body axes) with angle of attack; . 
5:2 tapered wing, rounded tips. 
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Fig. 14 
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Figure 14.- Variation of yawing-moment coefficient Cjj(body axes) with angle of sideslip 
and ab/2V. 
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Fieure 15a.- Effect of pitching-moraent coefficient upon sideslip 
necessary for equilibrium in a spin; rectangular 



wing.rouniei tips. 
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Figs. 16a, 16b 
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Figure 16a, IBb.- Effect of pi tching-moment coefficient upon yawing- 

moment coefficient that must "be supplied by parts 
other than the wing for equilibrium in a spin. 
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Fig. 17a 
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Figure 17a.- Effect of pitchina:-r:ioment inertia parameter upon 

siieslip nocossary for equililDriuni in a spin; 
rectangular wing, rouniei tips. 
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Fig. 17b 



a, leer. 

30 

40 

50 

60 

70 



[-8 




1 




























, 






6 , 



































1 







- 











I 




\—\ CD 

4 


1 











1 — - ^ 




.. 





■ 






GQ 

P 
•H 
rH 


1 




— 1 


- 
















CO 
0 

nri 
•H 

























-3 ?H 

o 

0) 

^ 
























" u -1 
















































-2 


























— — 1 























80 100 120 



Pi tchin^-moment inertia parameter, 

Figure 17b.- Effect of pitching-moment inertia parameter upon 

sileslip necessary for equilibrium in a spin; 
5:2 tapered wing, rounded tips, ^ 2 
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Fi^re 18a.- Rectangular wing , rounled tip s . 
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Pi^^ure 18"b.- 5:2 taper cl v/in^, roundel tips. 

figure 18a, 1813.- Effect of pitching-moment inertia parameter upon 

yawing-moment coefficient that must be supplied 
by parts other than the wing for equilibriwi in a spin, 
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Pij^ure 19a.- Effect of rollin^-ani yawin.fr-moment inertia 
parameter upon siieslip necessary for equi- 
lilDrraia in a spin; rectangular win^^:, rounied tips. 
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^iOT-re 19'b,'- Effect of rollinic-ani yawing-moment inertia 
parameter upon sileslip necessary for equi- 
li"bri-am in a spin; 5:2 taperei. wing, rounded tips. 
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Figs. 20a, 20b 
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Figure 20a.- Rec tan.'mlar wing, rounded tips. 
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Figure 2013.- b!2 tapered win^T, rounded tips. 
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Figure 21a.- Effect of relative lensity of airplane upon 

sileslip necessary for equilibrium in a spin; 
rectangular v/ing.rouniei tips. 
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Figs. 22a, 22b 
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Figures 22a, 22b,- Effect of relative density of airplane upon 
yawing-moment coefficient that must be sup- 
plied by parts other than the wing for equilibrium in a spin. 
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